Abstract: We examined for the first time the leaf micromorphology, phytochemistry and biological activity of the rare and stenoendemic Amphoricarpos elegans Albov (Compositae) from Georgia. Scanning electron microscopy (SEM) revealed the presence of glandular trichomes on the leaves, which appeared as glandular dots that are considered the main sites of biosynthesis and accumulation of sesquiterpene lactones. Using high-performance liquid chromatography (HPLC) and nuclear magnetic resonance (NMR) spectroscopy analyses, we identify and characterized 3-deoxyamphoricarpolide, a known sesquiterpene lactone for the genus Amphoricarpos Vis. Regarding chemotaxonomic significance, 3-deoxyamphoricarpolide represents a link between Balkan and Caucasian species of the genus. The antioxidative capacity of different leaf extracts, obtained using a Soxhlet extractor, was evaluated by two radical scavenging assays: DPPH (1,1-diphenyl-2-picrylhydrazyl) radical and the 2,2΄-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid (ABTS), and ferric ion reducing antioxidant power (FRAP). The total phenolic and flavonoid contents were also determined. The highest antioxidative activity and the highest phenolic and flavonoid contents were detected in the methanol fraction, as a result of the contribution of not only phenols, but probably also lactones. The considerable antioxidative potential indicates possible applications in pharmacy and medicine.
INTRODUCTION
Compositae is one of the largest angiosperm families, containing more than 1600 genera and 23000 species with an almost global distribution [1] . In the Compositae, glandular trichomes of short-stalked capitate type, usually seen as glandular dots, are microcharacters that synthesize and accumulate sesquiterpene lactones [2] . Sesquiterpene lactones are secreted into the extracellular and subcuticular secretion storage space at the apical ends of multicellular trichomes and excreted to the plant surface. This type of gland is widely distributed in Compositae [2] . Compositae taxa produce a wide range of specialized metabolites with significant biological effects [3] [4] , and many are well-known medicinal plants showing antimicrobial and antioxidant activities due to the presence of phenolic compounds (e.g. flavonoids) and sesquiterpene lactones in different organs [5] [6] [7] [8] [9] [10] [11] [12] .
Sesquiterpene lactones are a large group of chemical compounds that have a broad range of functional groups. To date, the structures of more than 5000 natural sesquiterpene lactones have been reported [13] . Most of them are found in higher plants, mainly in Compositae (more than 90%), but they are also found in some fungi [14] . The most abundant sesquiterpene lactone types are germacranolides, guaianolides and eudesmanolides, which are classified on the basis of their carbocyclic skeletons. A characteristic of these compounds is the γ-lactone function. Because of their biological activity and ecological functions, as well as their chemotaxonomic significance, sesquiterpene lactones are the subject of constant research worldwide [14] [15] [16] [17] .
The genus Amphoricarpos Vis. (Compositae-Cardueae-Carduinae) belongs to the Xeranthemum group [18] , which includes annual plants, such as species of the genera Xeranthemum L., Chardinia Desf. and Siebera J. Gay, and perennial plants, including species of the genera Amphoricarpos Vis. and Shangwua Yu J. Wang, Raab-Straube, Susanna & J. Quan Liu [18] . The group is well characterized based on its molecular and morphological features [19] . Phylogenies based on plastid and nuclear analysis confirm that it is a natural group [20] . Amphoricarpos species are heterocarpic perennial chasmophytic plants, mountain endemics in the eastern Mediterranean (the Balkans, Anatolia and the Caucasus) [18] . The Caucasus is distinguished by different phytolandscapes and species genetic diversity due to its edaphic-climatic conditions, high hypsometric levels, well-expressed geographical isolation, etc. [21] . High endemism is characteristic of the Caucasus and it represents one of the world's biodiversity hotspots [22] . The flora of Georgia is represented by 4130 species of vascular plants, of which 4034 are angiosperms [23] ; 1304 (32.3%) species are endemics for the Caucasus and 261 (6.6%) are endemics for Georgia [24] . In the Caucasus flora, there are 17 endemic genera, most of them represented by one species, Amphoricarpos elegans Albov [22] . Among the calciphytes, in the geographical province of Colchis, the most distinguished is A. elegans [21] , which belongs to the group of "limestone endemics" of the western Caucasus Mountains [25] .
The Balkan species of Amphoricarpos has been the subject of some phytochemical [26] [27] [28] , biological activity [14, 29, 11] , morphological [31] and taxonomic studies [32] . To the best of our knowledge, there is only one study describing the morphology and anatomy of A. elegans [31] , but there are no data dealing with micromorphological, phytochemical and examinations of the biological activities of this species. Thus, A. elegans is almost unexplored. Therefore, the present study, for the first time, aimed to (i) examine leaf micromorphology, (ii) determine the total phenol and flavonoid contents and to evaluate the antioxidative potential of various leaf extracts, and (iii) to identify the most dominant sesquiterpene lactones of A. elegans.
MATERIALS AND METHODS

Plant material
The plant material (leaves) of A. elegans was collected in 2015 during the flowering period from plants growing in their natural habitat, Mt. Migaria, Samegrelo, Georgia (N 42.6479800; E 42.63992537). A voucher specimen was deposited in the Herbarium of the University of Belgrade, Faculty of Biology, Institute of Botany and Botanical Garden "Jevremovac" (accession number: BEOU 17420).
Micromorphological methods
Micromorphological analysis was carried out using scanning electron microscopy (SEM). Small parts of dry leaves were sputter-coated with gold for 180 s at 30 mA (BAL-TEC SCD 005) and observed using a JEOL JSM-6460LV electron microscope at an acceleration voltage of 20 kV.
Soxhlet extraction
Powdered dried leaves (1.00 g) were extracted in a Soxhlet extractor using pure n-hexane, ethyl acetate and methanol as solvents for 6 h. The solvent (3x120 mL) was successively changed after 2, 4 and 6 h. The extracts were evaporated to dryness.
Determination of total phenolics and flavonoids in the plant extracts
The phenolic contents of the methanol, ethyl acetate and n-hexane extracts were determined by UV spectroscopy [32] . The methanol solution of the extract (1 mg/mL) was used for the analysis. The reaction mixture was prepared by mixing 0.1 mL of extract solution with 0.5 mL of 10% Folin-Ciocalteu reagent and 0.4 mL of 7.5% NaHCO 3 and incubated for 120 min at room temperature. The absorbance was determined at λ max =740 nm. Based on the measured absorbance, the content of phenolics in the extracts was expressed in terms of the gallic acid (GA) equivalent (GAE) or mg of GA/g of extract. The flavonoid contents of the methanol, ethyl acetate and n-hexane extracts were determined by UV spectroscopy [33] . The sample contained 0.1 mL of the methanol solution of the extract at a concentration of 1 mg/mL, 0.41 mL 80% ethanol, and 0.01 mL and 0.1 mL of Al(NO 3 ) 3 x9H 2 O and CH 3 COOK each. The samples were incubated for 40 min at room temperature. Absorbance was determined at λ max =415 nm. Based on the measured absorbance, the flavonoid contents of the extracts were expressed in terms of the quercetin (QU) equivalent (QUE), or mg of QU/g of extract.
Evaluation of antioxidant activity DPPH assay
The ability of the plant extracts (dry methanol, ethyl acetate and n-hexane extracts) to scavenge the DPPH free radical was assessed by UV spectroscopy [34] [35] . Dilutions of stock methanolic solution were made to obtain concentrations of 500, 350, 275, 250, 200, 100, 50 μg/mL DPPH. After 40 min in the dark at room temperature, the absorbance was measured at 517 nm. The control samples contained all the reagents except the extract. The percentage inhibition was calculated using the equation: %inhibition=100x(A of control -A of the sample)/A of control).
IC 50 values were estimated from the % inhibition vs. the concentration sigmoidal curve, using nonlinear regression analysis. The antioxidant effects of the extract increased with the decrease in IC 50 values.
ABTS assay
The ABTS radical scavenging method [36] with some modifications was used. The ABTS radical cation is generated by the oxidation of ABTS with potassium persulfate and its reduction in the presence of hydrogen donating antioxidants is measured by UV spectroscopy at 734 nm. The reaction mixture of 5 mg of ABTS was dissolved in potassium persulfate before the experiment. This solution was dissolved in distilled water in order to calibrate working solution absorbance to 0.700 at 734 nm. The sample concentration was 1 mg/mL. The reaction mixture was prepared by mixing 15 μL of a test sample and 4-1.5 mL ABTS. After a 4-min incubation at room temperature, the absorbance of the mixture was measured at 734 nm. The radical scavenging activity for each extract was determined based on the linear calibration curve of ascorbic acid and was expressed as mg ascorbic acid/g of dry extract (mg Vitamin C/g d.e.).
FRAP assay
The reducing power of methanol, ethyl acetate and nhexane extracts was determined using the FRAP assay [37] . This assay is based on the reducing power of a compound (antioxidant). The potential antioxidant is expected to reduce the ferric ion (Fe All the assays described above were performed using a Perkin Elmer Lambda Bio UV-Vis spectrometer.
Extraction and Isolation for HPLC and NMR analysis
Intact air-dried leaves (1.00 g) were sonicated in CH 2 Cl 2 at room temperature for 10 min. After filtration and evaporation of the solvent, the residue was treated with methanol (MeOH)/hexane 1:1. The lower MeOH layer was separated in separation funnel, and the hexane layer was extracted with MeOH. The combined MeOH extracts were evaporated and the dry residue was used for HPLC and NMR analyses. NMR spectra were recorded in a low-dielectric solvent, CDCl 3 , on a Bruker AVANCE III (500 MHz). Chromatographic analysis of the combined MeOH extracts was performed on a 1100 series liquid chromatograph (Agilent Technologies) equipped with a diode array detector (DAD; λ=210 nm) and autosampler. The separation column was a Zorbax Eclipse XDB C18 (250×9.4 mm; 5 μm). The column heater was set at 20°C and the mobile phase flow rate was maintained at 0.5 mL min- 
Statistical analysis
All the experiments were carried out in triplicate. The results are expressed as mean values and standard errors of the mean. The existence of significant differences among the results for total phenol and flavonoid contents and the antioxidant properties of the extracts were analyzed by analysis of variance (ANOVA) [38] . The IC50 values obtained in the antioxidant assays established the regression equation between the sample concentrations and the scavenging effect.
RESULTS
Leaf micromorphology
Scanning electron micrographs of the adaxial and abaxial leaf blade of A. elegans are presented in Fig.  1 . Epidermal cells show sinuous anticlinal walls (Fig.  1B) . Densely distributed, uniseriate, nonglandular curly trichomes were noticed on both sides on the leaf blade, but there were much more on the abaxial side ( Fig. 1C and D) ; thus, the leaves are velvety underneath. Rare glandular trichomes were observed on the adaxial side (Fig. 1A and B) . The glandular trichomes are of the capitate type, seen as glandular dots (Fig. 1A and B) . On the abaxial side, glandular trichomes were not recorded as the abaxial side was densely covered with nonglandular curly trichomes.
Total phenol and flavonoid content
The total phenol contents varied significantly between the extracts, with the methanol extract containing the largest amount of phenolics (Table 1) . No phenols or flavonoids were detected in the n-hexane fraction.
Antioxidative activity
Since there were no flavonoids or phenols present in the n-hexane fraction (Table 1) , ethyl acetate and methanol fractions were used in the antioxidative assays. In all three assays, the methanol extract showed the highest antioxidative potential. As there is little to no difference between the total flavonoid contents in both extracts, most of the antioxidative potential can be attributed to phenols. However, the antioxidative potential of the methanol fraction, as determined by the DPPH assay, was more than ten times higher than that of the ethyl acetate fraction.
Identification and characterization of 3-deoxyamphoricarpolide
In the HPLC chromatogram of the A. elegans extract, one peak is dominant (Fig. 2) . After comparison with chromatograms and retention characteristics of previously isolated and characterized amphoricarpolides from Balkan species of Amphoricarpos, it was concluded that this dominant peak is 3-deoxyamphoricarpolide [26] .
The 1 H NMR spectrum of the A. elegans extract (Fig. 3) confirmed the results of HPLC; namely, the signals from H-14, H-14' , H-13, H-13' , H-6, H-1 and H-9β are in agreement with the previously isolated and characterized compound from Balkan Amphoricarpos taxa [26] . 
DISCUSSION
Cavities, ducts, idioblasts and glandular trichomes are found inside and on the leaves of many Compositae members [39] [40] [41] . In the whole Compositae family, essential oils, resins, alkaloids, lipids, tannins, pectin-like substances, flavonoids and sesquiterpene lactones are the main products located mostly in ducts and glands [42] . Based on the extraction of the main classes of metabolites of Compositae, glandular trichomes are considered the main sites of biosynthesis and accumulation of sesquiterpene lactones, assuming important roles in the biological activity, ecology and chemotaxonomy of the family [12, 16, [43] [44] [45] [46] [47] [48] .
In Compositae, especially in the tribe Cardueae, specialized metabolites predominantly include lipophilic constituents (particularly sesquiterpene lactones), while hydrophilic compounds are scarcely represented [18] . Guaianolide-type sesquiterpene lactones representing one of the largest groups among the sesquiterpene lactones from Compositae, generally exhibit a low complexity [26] . The common feature of all guaianolides isolated from Amphoricarpos, and named amphoricarpolides, is that they have a unique oxygenation pattern that is not found in any Cardueae nor in other tribes of Compositae. All previous phytochemical studies [26] [27] [28] of Amphoricarpos taxa from the western Balkans revealed thirty amphoricarpolides in total (with the same guaianolide skeleton). Our investigation of the rare and stenoendemic species A. elegans from western Caucasus shows that 3-deoxyamphoricarpolide is dominant. This finding, as regards the chemotaxonomic significance of amphoricarpolides, represents a link between Balkan and Caucasian species of the same genus. Since A. elegans is a stenoendemic species, we used a very small amount of plant material (only 1 g) for lactone isolation, in comparison to previous investigations, where much more of the plant material was used [26, 27] . This obstacle resulted in the identification and characterization of only the dominant sesquiterpene lactone with a guaianolide skeleton -3-deoxyamphoricarpolide. Literature on the biological activities of Balkan Amphoricarpos species is scarce; the cytotoxic activity of A. neumayerianus [14] and the antifungal activity of the leaf-surface constituents of A. autariatus ssp. autariatus [29] have been described. Also, our previous research on the antimicrobial and antioxidative activities of various leaf extracts of three Balkan Amphoricarpos taxa showed a very high antimicrobial and a considerable antioxidative potential [11] . The highest total flavonoid and phenolic contents, as well as the best antioxidative activity (DPPH assay) were observed in the methanol extract of A. autariatus ssp. autariatus. This finding is in accordance with current results, as we also show that the methanol extract of A. elegans possessed the highest total flavonoid and phenolic contents and exhibited the best antioxidative activity. The antioxidative potential of the methanol fraction, as observed in the DPPH test, was over ten times higher than of the ethyl acetate fraction. This cannot be contributed only to phenols since the amount of total phenolic compounds was only four times higher in the methanol fraction, and this could be linked to the proven presence of lactones.
Guaianolide-type sesquiterpene lactones produce effects related to the prevention and regulation of oxidative cellular damage and inflammation [16] . While the molecular mechanism of the antioxidative protection of sesquiterpene lactones is unknown, their antioxidant effects appear to be associated with the biosynthesis of endogenous antioxidants (e.g. prostaglandins) [17] . Previous studies have shown that the cyclic esters of hydroxycarboxylic acids containing the sesquiterpene lactones are responsible for their biological activities [49] . It has also been shown that the biological activity displayed by the majority of sesquiterpene lactones is due to the presence of α-methylene-γ-lactones and an α,β-unsaturated cyclopentenone ring [50] . For these reasons, our results regarding the antioxidative potential of A. elegans extracts and the finding of 3-deoxyamphoricarpolide are of importance for future research into biological activity, therapeutic action and new plant sources of medicinal substances.
CONCLUSION
This study represents a contribution to the leaf micromorphology, antioxidative activity and phytochemistry of an unexplored relict and limestone endemic species, Amphoricarpos elegans (Compositae) from Georgia. We showed the presence of glandular trichomes, the main sites of biosynthesis and accumulation of sesquiterpene lactones. Also, our phytochemical investigation provides a new record of 3-deoxyamphoricarpolide, which is a component of the related Amphoricarpos taxa from the Balkan Peninsula. The considerable antioxidative potential of this species indicates the need to continue the study of other species of the genus Amphoricarpos and also other species from related Cardueae genera (Compositae) and their potential application in pharmacy and medicine. Author contributions: MG, NR, PJ drafted the manuscript; AB collected the plant material and drafted the manuscript; VT, IĐ, NGJ, AS, PM and PJ supervised the research and critically reviewed the manuscript. All authors read and approved the final manuscript.
